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A simple and rapid method was developed for the extraction of proteins from
both pathogenic and nonpathogenic bacteria. The method involves the treatment
of cells with acetone followed by sodium dodecyl sulfate extraction of cellular
proteins. Polyacrylamide gel electrophoresis revealed that the protein composi-
tion of extracts made by this method was comparable to that of extracts made by
established methods, namely, sonication and agitation with beads. This technique
has been successfully applied to the extraction of proteins from a wide variety of

bacteria, including pathogens.

Studies of the biological, immunological, and
chemical properties of cellular proteins provide
valuable information pertaining to bacterial
pathogenesis in humans and animals. Such stud-
ies are dependent on the efficient preparation of
cell-free extracts which provide,a rich source of
cellular proteins. A variety of methods have
been developed to prepare cell-free extracts and
include both mechanical and enzymatic disrup-
tion of the bacterial cells. Mechanical disruption
techniques include sonication (1, S, 7), blending
or grinding with abrasives (5, 7), agitation with
glass beads (5, 7, 10), or use of the French press
(7), and these procedures have been successfully
used with a variety of microorganisms. Like-
wise, enzymatic methods including autolysis
and chemical treatments have proven useful in
specific instances (5, 7). The choice of specific
extraction procedures is dependent on the par-
ticular species or strain of microorganism being
studied, the quantity of protein required, and the
type of analyses to be performed.

Preparation of cell-free extracts of pathogens
presents unique difficulties. Mechanical disrup-
tion techniques are not always applicable owing
to potential biohazard problems associated with
contamination of equipment and generation of
aerosols. Use of lytic enzymes avoids this prob-
lem; however, their addition to a cell extract
may increase the complexity of subsequent pro-
tein isolations. Furthermore, many gram-posi-
tive bacteria are resistant to the action of lyso-
zyme and other available bacteriolytic enzymes
(6). The objective of this study was to develop a
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simple method for the extraction of cellular
proteins from a variety of bacterial species,
including gram-positive pathogens, that can be
safely employed to produce samples suitable for
biochemical analyses.

Strains of Staphylococcus aureus, Escherich-
ia coli, and Bacillus cereus (Table 1) were grown
without agitation for 24 h at 37°C in brain heart
infusion (Difco Laboratories). Clostridium botu-
linum (Table 1) was grown anaerobically at 37°C
for 24 h in brain heart infusion supplemented
with 1% arginine to delay autolysis (4). Cells
from 20 ml of culture were harvested by centrif-
ugation (7,000 x g), washed twice with phos-
phate-buffered saline without Mg?* and Ca?*
(3), and recentrifuged. The cells were then sus-
pended in 10 ml of ice-cold acetone (analytical
grade), allowed to stand on ice for 5 min, and
collected by centrifugation (7,000 x g). Experi-
ments demonstrated that acetone treatment
from 5 to 30 min or the use of more acetone did
not change the efficiency of protein extraction.
Residual acetone was removed under a stream
of nitrogen, and the proteins were then extracted
by incubating with 1.0 ml of 1% sodium dodecyl
sulfate (SDS) for 2 min. The acetone pretreat-
ment was found necessary since the direct utili-
zation of detergents did not extract cellular
proteins from gram-positive bacteria.

For comparison of methods, extracts were
also prepared by sonication and glass bead dis-
ruption. This was achieved by using phosphate-
buffered saline-washed S. aureus 184 cells that
were suspended in 1% SDS such that the bacte-
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TABLE 1. Bacterial species used for protein extraction by acetone-SDS method

Mg of protein

Species Strain no. Comment extracted per g Source
(dry wt) of cells
Staphylococcus 184 No enterotoxin 200 M. S. Bergdoll, Food Safety Institute,
aureus University of Wisconsin, Madison
Staphylococcus  196E Staphylococcus 200 James L. Smith, Eastern Regional
aureus enterotoxins Research Center, Philadelphia, Pa.
A and D
Clostridium bot- Type C/A028 Toxin C, 150 M. W. Eklund, National Marine Fisheries
ulinum Service, Seattle, Wash.
Escherichia coli  20S0 Nontoxic 225 Sheldon Finver, Eastern Regional
Research Center, Philadelphia, Pa.
Bacillus cereus 5065 Emetic 200 Sheldon Finver, Eastern Regional

Research Center, Philadelphia, Pa.

rial cell concentration was 20 times that of the
original culture. One portion of the suspension
was agitated vigorously with ca. 0.1-mm glass
beads for 15 min with ice-water cooling (with
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FIG. 1. Comparison by SDS-PAGE of S. aureus
184 protein extract preparation. Protein extracts from
samples were prepared by sonication (lane b), ace-
tone-SDS (lane c¢), and bead agitation (lane d). Lanes a
and e are marker proteins (molecular weight x 10%).
Before electrophoresis, samples were boiled for 2 min
under reducing conditions (in 0.1 M B-mercaptoeth-
anol) and placed on 3% acrylamide stacking gel wells
above a 10% acrylamide resolving gel. Electrophoresis
was performed by the method of Laemmli (8). Staining
and destaining procedures have been previously de-
scribed (2).

Bead-Beaters; Bio-Specs, Inc.) (10). Another
portion was treated ultrasonically (intermittently
with ice-water cooling) as described previously
by Ames (1). The extracts were clarified by
centrifugation (7,000 X g), and the supernatants
were used for protein estimation (9) and SDS-
polyacrylamide gel electrophoresis (SDS-
PAGE) (8). Longer or more vigorous sonication
or agitation with beads did not substantially
increase the amount of protein extracted or
change the SDS-PAGE profile.

The yield of protein for the acetone-SDS
extraction technique and that for the sonication
was 200 mg of protein per g (dry weight) of cells,
whereas the bead agitation technique yielded
175 mg/g. This indicates that the efficiency of the
acetone-SDS extraction technique is equivalent
to that of the other techniques. The SDS-PAGE
patterns of the protein extracts from the three
techniques are shown in Fig. 1. The electropho-
retic pattern of the acetone-SDS method (lane ¢)
resembled those obtained by sonication (lane b)
and agitation with glass beads (lane d), again
indicating that the acetone-SDS method pro-
duces cell extracts equivalent to those produced
by the other techniques.

The acetone-SDS method was tested with a
number of other species to determine its suitabil-
ity. The protein extracted per gram of dry cells
from these species by this method is shown in
Table 1. SDS-PAGE analysis of various
amounts of the extracts obtained is depicted in
Fig. 2. Adequate protein profiles were readily
obtained with all of the tested species, suggest-
ing that the extraction technique is applicable to
a variety of bacterial species. The technique was
applicable to proteins having a wide range of
molecular weights; however, the presence of
SDS would limit the use of the extraction tech-
nique for the preparation of extracts for enzyme
assays.

The results indicate that the acetone-SDS
extraction technique described above produces
cellular protein preparations equivalent to those
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FIG. 2. SDS-PAGE of proteins prepared by ace-
tone-SDS extraction of B. cereus 5065 (lane b), C.
botulinum AO28 (lane c). E. coli 20S0 (lane d), S.
aureus 184 (lane e), and S. aureus 196 E (lane f). Lanes
a and g are marker proteins (molecular weight x 10%).
Electrophoresis was carried out as described in the
legend to Fig. 1.
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produced by other techniques (1, 5, 7, 10).
Furthermore, the present technique offers some
distinct advantages since it does not require
special equipment, does not involve the genera-
tion of aerosols (i.e., can be used with patho-
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gens), does not add extraneous proteins to the
samples, and can be used effectively with a
variety of bacterial species. The technique ap-
pears to be an inexpensive, rapid, reproducible
method for preparing large numbers of cellular
protein samples regardless of pathogenicity. It
was also found that the method could be scaled
up or down for any volume between 1 ml to 1
liter of culture.

We thank David Schlessinger of Washington University
Medical School. St. Louis, Mo.. and H. M. Farrell, Jr.. of the
Eastern Regional Research Center. Philadelphia. Pa.. for
critical reading of the manuscript.
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